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A. Objective
The object of this research was to provide data on the physical characteristics of cargo parachute shroud lines when these lines have been treated with a water emulsion of polyvinyl butyral. The intent was to ascertain the resin content that would contribute most to the functional characteristics of the shroud lines.
The ten types of shroud lines described in Military Specification MIL-C-7515 (USAP) were manufactured in sufficient quantities for this purpose un*. v more rigid control conditions than could be expected on a production basis. Each of the ten types waa divided into four groups. One group was retained as a control; the remaining groups were treated with the resin so that the percent content, on a dry basis, was 2, 3 and k% respectively.
Testing
After conditioning at standard conditions, each of the four groups was tested for: II.
PROCEDURE
A.
General Information
The tests described below were conducted on forty samples of each type. These forty samples were divided into groups of ten, each group representative of a given percent of resin content,ie: 0, 2, 3 and 4j*. One exception was made to the above. The larger braids that had been treated at approximately k% resin content could not be tested without obtaining a Jaw break, so that In some instances, the number of tests reported is five.
B. Uniformity of Production
As can be seen in Table II , the picks per a five inch length was determined at periodic intervals throughout the entire yardage produced for Types I through VIII. A ten Inch gage length was used for Types TL and X. Such gage lengths were used in order to provide a sufficient number of picks to assure accuracy. The picks were measured while the braid was relaxed.
C. Linear Weight
The linear weight was determined by measuring a two yard length while under a load of ten pounds. The two yard length was then cut at the gage marks and weighed.
D.
Breaking Strength
The yarn employed in manufacturing the braid was tested on a model IP-It and found to be extremely consistent.
The model Q produced by Scott Testers Inc. was employed for the brcids breaking below 1,500 pounds. The Universal Tester produced by Dillon & Company Inc. was used on all types breaking above 1,500 pounds. A 5,000 pound capacity dynameter was used,whenever possible and a 10,000 pound capacity dynameter used in those instances, where the breaking strength was greater than 5,000 pounds. The Universal is rated as having an accuracy within 2% of full capacity. The accuracy of the model Q is much greater than that of the Universal. Split barrel clamps were used on both machines.
E.
Abrasion Resistance
The abrasion resistance was measured on a machine manufactured by this firm in compliance with the requirements set forth in Specification MIL-W-4088. The machine was calibrated by running a series of twenty-five tests per Types II, V and VIII. Eaoh test consisted of 5,000 strokes over a hexagonal bar as supplied by Wright Air Development Center. Prom the results of the calibration runs the bar was considered to be in a conditioned state between tests five and twenty-five. See Table V for calibration data. The influence of the weight attached to the braid as it was being test-WADC TR 5^-39 II.
PROCEDURE (continued)
ed was also Investigated by a series of five tests, using a two pound weight in the first group and a 5.2 pound weight in the second group. There was no detectable difference in the resulting breaking strength. However, Types I through IV were run with the Swo pound weight and the remainder run with the 5*2 pound weight.
All abrasion tests were run on conditioned hexagonal bars for 5,000 strokes and then tested for breaking strength after conditioning for 24 hours at 70 degrees Pahrenhelt and 65% RH.
P. Weathering Resistance
Samples of each type were exposed in a Weatherometer for a period of 100 hours with the spray heads shut off during the entire exposure period. The air temperature was held at 135 degrees Pahrenhelt plus or minus 10 degrees Pahrenhelt. The samples were conditioned after exposure and then tested for breaking strength.
G. Analysis of Resin Content
Approximately five gram samples were dried to a constant weight in an oven at 110 degrees C. The samples were then weighed in a weighing bottle.. The samples were then shredded and extracted with methyl ethyl ketone for a period of six hours in a soxhlet apparatus. The extracted samples were then dried and weighed as before.
Five blank extractions were made on untreated braid on Types I, II, III, V, VII, IX and X. The figures for those braids constructed with 210/3 Nylon were averaged and the average taken as the substract in calculating the resin content in all treated braids. The same procedure was followed for those braids construct* ed of 210/* Nylon.
See Table VII 
A* General
Although evaluation of the data presented in this report is the function of the project engineer and not that of the writer, the conclusions drawn by the writer, which had an effect on the method of presenting the data are given below. Table XIII presents the average of all th« pertinent data acquired. The accompanying graphs, Figures 1 and 2, were produced from Table XIII. The breaking strength after abrasion was the only characteristic plotted, since neither original breaking strength nor breaking strength after weathering varied more than the inherent accuracy of the testing methods; consequently, the significance of the data for both characteristics can be appreciated readily by examination of the Tables.
B.
Breaking Strength ;
From examination of Table XIII , it could be concluded that the amount of polyvinyl butyral present in the braid has no appreciable effect upon the breaking strength of Types I through V. The data for Types VI through X show a decided drop in breaking strength at the higher resin contents. If the reader will now turn to Table X of the data section, he will note that the average (which is the figure reported in Table XIII) is obtained by including tests that resulted in j*w breaks and, therefore, does not represent thb true breaking strength of the braid. Although ordinarily unorthodox, these data were included, because the consistent occurrence and type of Jaw break was considered significant. These breaks occurred on the heavier braids at the higher resin contents and never appeared elsewhere. Each sample was found to have been severed at the point, where the edges of the split barrel contacted the surface of the braid. The action was natch like that of a pair of dull scissors. The conclusion was that this effect was a function of both the resin content j and the material bulk of the braid. Both factors influence flexibility, as both increase, the ability of the individual filament-to reorient diminishes. The incident of jaw breake, consequently, is considered reportabie data, and a qualitative approach to shearing resistance.
After examination of Table X , the inclusion of Type V with Types VI through X appears proper due to the appearance of jaw breaks even though the resulting average does not reflect ar<y loss in breaking strength. In summation, it appears that the practical limit of resin content, when considering its effect on breaking strength, is reached below four percent for Types V through X and is reached at some figure above four percent for Types I through IV.
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III.
DISCUSSION OP RESULTS
(continued)
C. Abrasion Resistance
Only Type V, of the ten types of shroud lines, exhibits a tendency to approach an asymptote. Type I exhibits no Improvement In abrasion resistance over the range of resin contents studied. The remaining types all Improve In varying degrees with increasing resin content. Evidently, higher resin contents would have to be Investigated to determine where a plateau would be obtained. There are two noteworthy characteristics to be observed from Table XIII Second, the greater the loss at 0% resin content, the greater the improvement in abrasion resistance with increasing resin content. although not within the scope of this report, an evaluation of the phenomena of increased loss, percentage wise, in abrasion resistance as the weight and size of the braid Increases from that of Type I through that otj Type X might be of interest in clarifying the influence of braid structure upon abrasion resistance. In view of the fact that the resin influences the weight of the braid, the observed weight would not be the proper variable to correlate with percent abrasion resistance. Accordingly, the linear filament density Picks Ends Denier Inch Carrier End was used Instead. The figures obtained are reported in Table XIV This factor is useful in evaluating structual influence upon breaking strength, but, unfortunately did not provide a continuous curve, when plotted against percent abrasion resistance. However, such a plot suffers from the assumption that ihs surface area of the braid is proportional to the number of carriers used and the ratio of a braided surface area to total surface area does not vary from one braid to another. The first assumption is reasonably valid, but the second needs investigation. In plotting picks per inch against percent abrasion resistance, a trend is obtained of lower resistance with less picks, a result that is aJrost too obvious. However, It can be concluded that the larger breads might prove acre efficient, if manufactured on a braiding machine with more carriers, thus providing an opportunity to produce a braid of the same breaking strength with more picks per incli.
Since the graphs of the above do not produce a precise curve, and, since this Investigation is not within the sphere of this report, any more formal analysis is left to the discretion of the reader. Breaking Strength, Original a rather large range is seen, from negligible for Type I at 0% to 13«6£ for Type III at 2% resin content. The average loss is 7 to 8%, however, regardless of the resin content.
The larger types, once again, produce a preponderance of jaw breaks. Since the braid in contact with the clamps was not exposed In the weatheromeier (only the section between the clamps being so exposed) Jaw breaks can be expected for the same reason as for those obtained for the breaking strength of the unexposed braid. 
WADC TR 54-39
- -i ; *_*•
